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RATIONALE

This International Society for the Advancement of Spine Surgery guideline is generated to respond to growing
requests for background, supporting literature and evidence, and proper coding for intraosseous ablation of the

basivertebral nerve for chronic low back pain.
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INTRODUCTION
Prevalence and Clinical Presentation

Low back pain (LBP) is the most expensive
occupational disorder in the United States and the
leading cause of disability worldwide.'™ Thirty
percent of Americans have LBP at any given time,
leading to approximately 50 million physician visits in
the US annually. Although many of these patients
improve with little to no treatment, an estimated 30
million adults in the US currently suffer from chronic
LBP (CLBP), defined as pain lasting for greater than
12 weeks.* ' These CLBP patients have direct yearly
costs of over $90 billion/year.!' As is the case with
many medical conditions, a minority of CLBP
patients consume the majority of health care resourc-
es. Analyses of commercial payer and Medicare
claims databases reveals that 15% of CLBP patients
account for 75% of health care costs, with average
claims of $24 700 over a 3-year period in the high
health care use group (MarketScan, Truven Health
Analytics from October 2011 to September 2016).

Disc degeneration (DD) is a strong risk factor for
CLBP,'* ' and the disc has been the target of many
treatments. Recent scientific research has reexamined
CLBP sources, and there is evidence suggesting that
the disc and adjacent endplates act as 1 functional
unit and that the vertebral endplate is a source of
pathologic innervation that occurs with DD.

Indeed, the endplates must balance conflicting
requirements of being strong to prevent vertebral
fracture and being porous to facilitate transport
between disc cells and vertebral capillaries. Conse-
quently, endplates are particularly susceptible to
damage leading to inflammation and nerve prolif-
eration.

The sensory nerves within the center of the
vertebral body converge to form the basivertebral
nerve (BVN).'>!® The BVN exits the vertebral body
posteriorly via the basivertebral foramen before
communicating with the sinuvertebral nerve then
the ventral rami of the spinal nerves or by nerves
derived from the gray rami communicantes'® When
the density of pain fibers between normal endplates
and degenerated endplates is compared, the BVN
density is considerably higher in patients with
degenerated endplates, further suggesting the role
of pain transmission via the BVN in patients with
CLBP.'® The pain transmission of the endplates
toward the BVN has been named of “vertebrogenic”
origin.'*'> Patients with vertebrogenic pain are
thought to present with LBP, with or without referral
into the buttocks or thighs (somatic referred pain).

Traditional Treatments for CLBP

CLBP may lead to a compromised quality of life,
strained societal and familial relationships, and
increased absenteeism or work-related disability
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Table 1. Nonsurgical management often used for chronic low back pain.

. Avoidance of activities that aggravate pain

.Trial of chiropractic manipulation

. Trial of physical therapy

. Cognitive support and recovery reassurance

Spine biomechanics education

. Specific lumbar exercise program

. Home use of heat/cold modalities

. Low-impact aerobic exercise as tolerated

. Pharmacotherapy (eg, nonnarcotic analgesics, nonsteroidal anti-
inflammatory drugs)

claims. A lack of current validated diagnostic
reference standards leads 85% of individuals to be
diagnosed with nonspecific LBP. This nonspecific
diagnosis leads to nonspecific care that follows care
pathways that are not scientifically validated (Table
1). Individuals are advised to stay active, engage in
core strengthening, lose weight, and avoid bed rest.
They are put through nonsequential, palliative
injection treatments in the hope that these treat-
ments will help the patient’s function and that the
pain will then regress. For refractory cases, surgical
intervention may be recommended.

Radiologic Imaging

The magnetic resonance imaging (MRI) correlation
between vertebral endplate pathology and CLBP
was made by Modic et al'” in 1988, who described
intraosseous MRI changes adjacent to damaged
vertebral endplates in individuals with CLBP.

This correlation is based on the TI- and T2-
weighted signal of the endplates. Three types of
signal change have been described: Modic change 1
(MC1), Modic change 2 (MC2), and Modic change
3 (MC3). MCl1 corresponds to bone marrow edema
and inflammation (hypointense T1-weighted signal
and hyperintense T2-weighted signal; Figures 1A
and 1B). MC2 is characterized by hyperintense T1-
weighted signal and hyperintense T2-weighted
signal (Figures 1C and 1D) and is the conversion
of normal red hemopoietic bone marrow into yellow
fatty marrow. MC3 is described as bone sclerosis
and is characterized by hypointense T1-weighted
signal and hypointense T2-weighted signal. MCI is
considered unstable, and some studies have suggest-
ed this to be painful.'®'” MC2 has been suggested to
be less correlated to pain.®® Patients with MC3
change are rarely symptomatic. Some speculate that
the MC1 change is caused by an inflammatory
response due to fissuring and disruption between the
disc and the bone that develops along with endplate
microfractures,'® 22 while others think that some of
these changes could be due to a chronic infection.”?

Figure 1. Modic change 1 (MC1) and Modic change 2 (MC2) illustrated. (A)
and (B) demonstrate decreased signal intensity on T1-wighted images and
increased signal intensity on T2-weighted images, respectively (white arrows)
corresponding to MC1. (C) and (D) correspond to MC2 with increased signal
intensity on T1-weighted images and on T2-weighted images, respectively
(white arrows).

The afferent pain pathway travels from the disc and
endplate to converge as the BVN before being
transmitted through the dorsal root ganglion to the
central nervous system and perceived as LBP. The
initial neural convergence at the BVN in the
midportion of the vertebral body provides a
potential target for treatment. Having an MRI
done prior to the patient’s consultation with CLBP
is essential to adequately determine the pain
generator and viable treatment alternatives. Painful
Modic changes most frequently affect the L4-L5
and L5-S1 levels; in fact, Kuisma et al** found a
2.28 odds ratio for the presence of Modic changes at
L5-S1 in individuals with CLBP.

Procedure

A unilateral transpedicular approach is used to
advance a straight introducer under fluoroscopic
guidance to the juncture of the pedicle and the
vertebral body. A curved cannula assembly is used
to penetrate the vertebral body and navigate toward
the BVN, which is located in the posterior half of
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the vertebral body. A straight channeling stylet is
then used to extend the channel to the midline
location of the BVN. A bipolar probe is inserted
into the posterior half of the vertebral body,
connected to the radiofrequency (RF) generator,
and energy is applied for 15 minutes to destroy the
BVN. Once ablated, these nerves no longer transmit
pain signals.

Data from the 2 level 1 randomized controlled trials
(RCTs) would suggest that, in approximately 80% of
patients, 2 vertebral bodies are treated, which
constitute 1 vertebral motion segment. In the remain-
ing patients, 1 or 2 additional vertebral bodies are
treated for a total of 2-3 vertebral motion segments.

Animal studies performed as a part of a Food
and Drug Administration (FDA) submission also
showed that the intraosseous BVN does not
regenerate and that the vertebrae return to pretreat-
ment strength after a period of normal healing
(written communication, Professor Jeffrey C. Lotz,
PhD [David S. Bradford, MD Endowed Chair in
Orthopaedic Surgery at UCSF] and corroborated by
published bovine research by Hoopes et al*°).

PUBLISHED LITERATURE
Becker et al?® Pilot Study

Single-arm, open-label, first-in-human pilot study
to determine the early efficacy and safety of
intraosseous BVN ablation for the treatment of
CLBP. Seventeen patients with 6 or more months of
CLBP and MCI1 or MC2 changes were enrolled.
Sixteen patients were successfully treated using RF
energy to ablate the BVN within the vertebral
bodies adjacent to the diagnosed level (based on
positive discography).

The mean age of enrolled patients was 48 years.
Baseline measurements of mean Oswestry Disability
Index (ODI) and visual analog scale (VAS) were
52 = 13 (severe disability on the 0- to 100-point
disability impact scale) and 61 (on the 0- to 100-point
LBP scale). Statistically significant improvements were
noted in all outcome measures at 3 months. ODI
decreased an average of 29 points to a mean of
23 = 21 at 3 months of follow up (P < .001). This
statistically significant improvement in ODI was
maintained through the 12 month follow up.

|27

Truumees et al“’ Case Series

This study was a prospective, single-arm, multi-
center, open-label study to evaluate the effectiveness

of intraosseous RF ablation of the BVN for the
treatment of presumed vertebrogenic-related CLBP
in typical spine practice settings with more permis-
sive inclusion of typical CLBP patients (such as
patients who have had prior discectomy and users of
extended-release narcotics). Consecutive patients
with CLBP of at least 6 months duration and with
MC1 or MC2 vertebral endplate changes between
L3 to S1, were treated with RF ablation of the BVN
in up to 4 vertebral bodies. The primary endpoint
was patient-reported change in ODI from the
baseline to 3 months postprocedure. Secondary
outcome measures included change in LBP pain
VAS, Short Form 36 (SF-36), EQ-5D-5L, and
responder rates.

The median age of patients was 45 years within
the 28 patients enrolled. The baseline ODI was 48.5
and VAS was 6.36 cm (on a 0 to 10 cm scale).
Seventy-five percent of the study patients reported
LBP symptoms for >5 years with 25% actively
using opioids and 61% previously treated with
injections. Clinically meaningful and statistically
significant improvements were demonstrated in all
outcome measures at the 3 month primary endpoint.
Mean reduction in ODI from the baseline at 3
months posttreatment was —30.07 4+ 14.52 points
(P < .0001). The mean reduction in VAS pain score
from the baseline was —3.50 + 2.33 (P < .0001).
Using a minimal clinically important difference
(MCID) of >10-point improvement in ODI, 93%
of patients were responders; using MCID of a >20-
point improvement in ODI, 75% were responders.
Likewise, VAS MCID of a >2.0 cm reduction was
achieved in 75% of patients. Importantly, in this
population of working-aged individuals, 83% re-
ported improvement in work function. This non-
randomized consecutive series study demonstrated
that minimally invasive RF ablation of the BVN
resulted in a significant improvement in pain and
function at 3 months in this population of real-
world patients with chronic suspected vertebrogenic
related LBP.

INTRACEPT Study?®

This prospective, parallel, open-label, random-
ized control trial conducted at 20 US sites compared
the effectiveness of intraosseous RF ablation of the
BVN with standard care for the treatment of CLBP
in patients suspected to have vertebrogenic-related
pain symptomatology. A total of 140 patients with
CLBP of at least 6 months duration, with MCI1 or
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BVN Ablation

Standard Care
n=51 n=53

A20.9
p <0.001

20

-30L

LS Mean difference (p < 0.001 per ANCOVA) in ODI between the BVN ablation and SC arms, adjusted for baseline ODI

Figure 2. Bar graph demonstrating mean Oswestry Disability Index changes
at 3 months both for the basivertebral nerve (BVN) ablation and the standard
care groups. Statistically significant improvement of the patients’ function is
noted in the BVN group (P < .001).

MC?2 vertebral endplate changes between L3 to S1,
were randomized 1:1 to undergo either RF ablation
of the BVN or continue standard care. The primary
endpoint was a between-arms comparison of the
mean change in ODI from the baseline to 3 months
posttreatment. Secondary outcome measures includ-
ed LBP pain scores via VAS, ODI, VAS responder
rates, SF-36, and EQ-5D-5L at 3, 6, 9, and 12
months postprocedure. An interim analysis to assess
for superiority was prespecified and overseen by an
independent data management committee (DMC)
when a minimum of 60% of patients had completed
their 3 month primary endpoint visit.

The interim analysis showed clear statistical
superiority (P < .001) for all primary and second-
ary patient-reported outcome measures in the RF
ablation arm compared with ongoing standard care
arm. This resulted in a DMC recommendation to
halt enrollment in the study and offer early
crossover to the control arm. As a result, the study
reported the outcomes of the 104 patients included
in the intent-to-treat analysis of the 3 month
primary endpoint, which included 51 patients in
the RF ablation arm and 53 patients in the standard
care arm. At the baseline, the mean age was 50
years, mean ODI was 46.1 (severe pain disability),
and mean VAS was 6.67 cm (on a 0 to 10 cm scale).
More than 67% of patients reported experiencing
LBP for greater than 5 years, and more than 70%
had received prior injections at the baseline.

Comparing the RF ablation arm with the
standard care arm (Figure 2), the mean changes in
ODI at 3 months were —25.3 points versus —4.4
points, respectively, resulting in an adjusted differ-
ence of 20.9 points (P < .001); and mean changes in

BVN Ablation Standard Care

n=51 n=53

A2.44
p <0.001

LS Mean difference (p < 0.001 per ANCOVA,) in VAS between the BVN ablation and SC arms, adjusted for baseline VAS

Figure 3. Bar graph demonstrating the mean difference in the visual analog
scale at 3 months both for the basivertebral nerve (BVN) ablation and standard
care groups. Statistically significant improvement in patients treated with BVN is
noted (P < .001).

VAS were —3.46 versus —1.02, respectively, an
adjusted difference of 2.44 cm (P < .001; Figure
3). In the RF ablation arm, 74.5% of patients
achieved the MCID of >10-point improvement in
ODI, compared with 32.7% in the standard care
arm (P < .001). With a MCID of 2.0 cm improve-
ment in VAS, 72.5% of patients in the RF ablation
arm reached clinical success compared with 34.0%
of patients in the standard care arm. No RF
ablation patients received a spinal injection prior
to the 3 month endpoint, while in the standard care
arm, 6 standard of care patients (11%) received
injections across 5 study sites. The study concluded
that minimally invasive RF ablation of the BVN
leads to significant improvement of pain and
function at 3 months in patients with suspected
chronic vertebrogenic related LBP.

SMART Trial®®

The SMART trial was a prospective randomized,
sham-controlled, double-blinded, FDA-Investiga-
tional Device Exemption trial conducted to evaluate
the safety and efficacy of RF ablation of the BVN
for the treatment of CLBP. A total of 225 CLBP
patients with MC1 or MC2 noted in vertebral
bodies L3 to S1 were randomized to either a sham-
control (78 patients) or BVN ablation treatment
(147 patients). All study participants were treated
with the same operating protocol and pedicle access.
The sham-control arm received simulated RF
ablation therapy. Treatment success was adjudicat-
ed in a blinded review of the 6-week MRI. Study
participants were followed at 2 and 6 weeks and 3, 6,
9, and 12 months postrandomized intervention. The
primary efficacy endpoint was change in ODI from
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the baseline to 3 months postprocedure. The
primary safety endpoint was a comparison of
musculoskeletal and neurologic adverse events at
12 months.

Participants in this study were of working age
(mean of 47 years), reported severe disability impact
from their LBP (mean ODI of 42), and more than
68% had been experiencing CLBP for greater than 5
years. At 3 months, the mean ODI in the treatment
arm decreased 20.5 points, as compared with a 15.2
point decrease in the sham arm (P =.019, per-
protocol population). The reduction in ODI expe-
rienced by the treatment arm was twice the MCID
of >10 points and responder rates were 75.6% in the
treatment arm compared with 55.3% in the sham-
control arm. There were no serious device- or
procedure-related adverse events reported in pa-
tients randomized to the RF ablation treatment arm
through 12 months.

This level 1 trial demonstrated significant func-
tional improvement in patients treated with RF
ablation of the BVN for CLBP compared with
patients treated with a sham procedure. Safety of
the procedure was also demonstrated. The results
supported BVN ablation as a minimally invasive
treatment for the relief of CLBP.

SMART 24 Month Outcomes®°

This prospective, single-arm study is an extension
of follow up for the RF ablation treatment arm of
the SMART trial. Per the original SMART RCT
protocol, at completion of the 12 month primary
safety endpoint, patients in the sham-control arm
could cross to BVN ablation treatment; 73% elected
to cross. Due to this high rate of crossover, the 147
RF ablation treatment arm participants acted as
their own control in comparing 24 month outcomes
with the baseline.

Clinical improvements in the ODI, VAS, and the
SF-36 physical component summary (PCS) were
statistically significant compared with the baseline
at all follow-up timepoints through 2 years (3, 6, 9,
12, 18, and 24 months). The mean percent
improvements at 2 years in ODI (Figure 4) and
VAS compared with the baseline were 53.7% and
52.9%, respectively. Responder rates for ODI and
VAS were also maintained through 2 years for both
a 10-point ODI MCID threshold (76.4% of
patients) and an ODI 20-point improvement thresh-
old (57.5% of patients); the MCID threshold for
VAS of 1.5 cm improvement was reported in 70.2%

ODI Score

Treatment Arm (Per Protocol Population)

42.4

489% Decrease
at 3 Months

BASELINE 3 MONTHS 6 MONTHS 12 MONTHS 24 MONTHS
n=128 n=128 n=128 n=128 n=106*

*LOCF imputation used at all time polnts except 24 months where all observed data without Imputation used

Figure 4. Mean Oswestry Disability Index score in per-protocol treatment arm
followed up to 24 months.

of patients at 24 months (Figure 5). In summary,
patients treated with RF ablation of the BVN for
CLBP exhibited sustained clinical benefits in ODI
and VAS and maintained high responder rates
through 2 years following treatment.

Evidence and Literature Conclusion

Intraosseous ablation of the BVN is supported by
a basic and clinical evidence foundation, including a
level 1, sham-controlled RCT and a second level 1
RCT against standard conservative management.
Data through 24 months suggest durability of the
treatment effect. Collectively, these studies demon-
strate that BVN ablation provides clinically mean-
ingful improvements in pain and function to 2 years
with an excellent safety profile. This evidence
supports BVN as a treatment option for a well-
defined subpopulation of CLBP patients.

INDICATIONS FOR SURGERY

Intraosseous ablation of the BVN from the L3
through S1 vertebrae may be considered medically

oDI VAS

% of Patients with 2 10
Point Improvement in ODI

% of Patients with 2 1.5 cm
Improvement in VAS

% of Patients with 2 20 Point
Improvement in ODI

76.4%

Figure 5. Shows the 24 month Oswestry Disability Index and visual analog
scale responder rate per-protocol arm at 24 months (N = 106).
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indicated for individuals with CLBP when all the
following criteria are met:

e CLBP of at least 6 months duration,

e Failure to respond to at least 6 months of
nonsurgical management, and

e MRI-demonstrated MC1 or MC2 in at least 1
vertebral endplate at 1 or more levels from L3
to S1.

CODING AND COVERAGE HISTORY

Intraosseous ablation of the BVN is a new
procedure not previously performed. As such, this
procedure currently should be reported with Cur-
rent Procedural Terminology 22899 (unlisted pro-
cedure, spine).

Typical International Classification of Diseases,
10th Revision diagnosis codes that indicate medical
necessity are as follows:

e M47.816: Spondylosis without myelopathy or
radiculopathy, lumbar region,

e M47.817: Spondylosis without myelopathy or
radiculopathy, lumbosacral region,

e MS51.36: Other intervertebral DD, lumbar,

e MS51.37: Other intervertebral DD, lumbosa-
cral,

e M54.5: LBP.

Corresponding Healthcare Common Procedure
Coding System codes, effective January 1, 2019, are
as follows:

e (9752: Destruction of intraosseous BVN, first
2 vertebral bodies, including imaging guidance
(eg, fluoroscopy), lumbar/sacrum,

e (C9753: Destruction of intraosseous BVN,
each additional vertebral body, including
imaging guidance (eg, fluoroscopy), lumbar/
sacrum (list separately in addition to code for
primary procedure.

CONCLUSIONS

Intraosseous ablation of the BVN is a relatively
new minimally invasive treatment for the relief of
CLBP that is diagnosed using well-established
clinical and MRI findings. The procedure is
supported by level 1 evidence including 2 RCTs
demonstrating a statistically significant decrease in
pain and an improvement in function with outcomes
sustained to at least 24 months in a limited number

of studies. These results were seen in a patient
population that is one of the most expensive and
difficult to provide care for, and in this era of rising
health care costs and increasing need for therapies
to reduce the use of opioids, BVN ablation may
provide a treatment option to fill the gap in the
treatment paradigm for patients that fail nonsurgi-
cal treatment.

LIMITATIONS

(1) Industry funding is a potential source of
study bias for the available data reviewed.

(2) Limited number of studies.

(3) Short-term follow up for the majority of
studied patients.

(4) Unknown effect on the primary degenera-
tive process.
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